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SUMMARY

On August 16and 17,1993, amastng was held
in St Andrews, Scotland, toconsider the safety of
releases of transgenic potatoes. TQOICS discussed at
this mestdag were the potential for cuteressing of
potato lines, typesof experiments t<iag planned or
carried out totestactual outerwssing of transgenic
plants, and me2ns by which "escapes” of the
introduced genes into the saviroameat may be
minimized. Representatives of 9 counmies were
present todiscuss these questions & well & torelate
the experiences in their coungies. Many of the
attendees wers goverameatal, university, Or private
company persoas who am eurrzatly involvedin
rssearch dealingwith the molecular gecetics or
nolecullar biology of potato. Representatives of
potato processing companies, governmeatal boards
and a representative from the National Wildlife
Foundation of the U. S. were also presat. This
repon summarizes the proceedings and findiags of
this workshop.

Introduction

The potato, Solanum tuberosum, is a major
souree of food for many in the industrial world and it
is essential for survival for many in the developing
world. In the Lhited States. the value of the crop
may exceed $2 billioty/year, making it 4th or 5th
highest in value of all crops grown in this country. In
spite of thishigh value, the potato varieties grown in
the U. S. lack many important traits such as
resistances to viruses, bacteria, fungi, and nematodes.

Economic factors such as d 1 d content, shape,
skin color*and processing characteristics have
generally dictated the types of potatoes tret have
ban grown. New varieties are difficult toestablish
and old varieties generally predominate, FOr
exarmple, the variety Russet Burbank usually accounts
for over 40% of the U. S. production. This variety is
almost universally susceptible topestsand has been
protected against dissase by pesdcides and by careful
managem=at of seed production. Now, however,
growing pressure against the use of certain pesticides
threatens this variety and other highly susceptible
culdvars, Thus, the sereh for alternative means of
protection is particularly dasirable,

Toe improvement Of biotechnological techniques
forproducing transgenic plants correspoads with this
lnereased cowd fOr alternarive means of protection
against pests, Bictechnology promises new ways of
improving sroes without necessarily remixiag all of
the gened¢c material as with conventional crosses in
standard breediag. Thus, in the case of potato, a
gene forviral coat protein production or synthesis of
Bacillus thuringiensis (Bt) toxin may be insered to
give resistances against viruses OI' Insects.
respectively.

Potato may be a particularly useful model for
examining practcal genstic engineering. Because of
i fundamental researen already done on dssue
culture and transformation of potato. the means of
inserting geces am now available. Because of the
potato’s ready asexual propagation by tubers, the
transformed plants ¢an be increased rapidly without
ze0etc nooificatios. Thus, it appears quite possible
that the practicalreleases of useful transgenic plants
may ¢ome With potato much eartier than with some
other crops. Withis 5 years literally millions of
gans genic plants may be growing On thousands of
acres In our major potato producing arzas,

Seyeral groups have tecome concerned about
whether e advances in biotechaology could have
adverse effects. FOrexample, what happens if
purposely inserted gents "'escape’ into other plants?
Is thers apotential for an environmental problem ?
Are there risks that have not been considersd
adequately? Ars thers key experiments that should
be done before major releases of the ransgenic
plants on & comumercial scale? What experiments
have already been done that bear on these questions?
TO examine e questons, aworkshop was held
August 16and 17,1991 in St. Aodrews, Scotland,
immediately following the 204 International
Sympesium on the Molecular Biology of Potato. The
topics considered were:

|. What is the potential for transfer of genes from

atraasgsaic potato into another speciesor line?

ILWhat would be the coasequences of transfer of

genes from transgenic plants to other plants?

I HOw canany adverse consequences be

eliminated or minimized?

Tairty four persons fron 9 different countries
antended the workshop. A It of the attendess is



attached 43 aa appendix. Becauss of this
international represeataton it was also possible to
discuss differsnces tarwezn the ruleson field testsof
transgenics In e various nation's represented.
Three sessions w en held; one on Friday, August

I6and two on Samrday, August 17. Foreach
session, one speaker gave a keynote ialk and 4 to 6
others contributed Irformationon seesific arzas,
This summary ¢omes from notes prepared by Or-
Howard Davies of & Scottish Crop Research
Institute and the ¢hairpersoa, John P. Helgeson. In
addition, various documents provided tothe
chairperson by participants after the meetag have
been used to clarify specificpoints.

| What is the potential for transfer of genes
froma transgenic potato into another species
or line?

A. Qutcrossing in potato

The key way inwhich a gene can be transferred
from oae plant (or species) to another is by
outcrossing. TO address thispotential in potato and
related species, Prof. John Hermsen of the
Agricultural Uaiversity, Wageningen, the
Netherlands, was invited to give the keynote lecture
forthe workshop. L. Hermsen has speat many years
addressing the problems Of crossing wild Solanum
species with potato cultivars, Among the points
presented by Professor Hermssn were:

1. In South Ameriea, the ceniar of originand
diversity of potato, much intercrossing has ocourred
and il does occur tervesn Solanum species. Many
examples of natural hybridization are well
documented and it appears that interspecitic crosses
have greatly contributed to the evolution of the potato
as we know it today. Most tuber besring Solanum
species intersross rzadily and if such species am
present orinterplantad N experimental fields, gene
flow is likely to occur, Coaversaly, when sexually
compatible relatves of poto are not present, aS B
the case in the Northern United States and Canada,
the opportunities for geo« flow are obviously greatly
reduced

2 There are various darmiers to laterspecific
hybridization even when two diffareat Solaawn
speciesmay be present in the sare field Among the

more important sariers a2 ploidy differencesthat
may prevent OI ratner r2srict gene flow. Ploidy
effects on (JENE spread are rather comples. One has
to distinguish setween rzal ploidy, based on numbers
of genomes (aumbers of sets of 12chromosomes)
and effective ploidy ( EBN &y ¢edosperm balaaee
number) based oo cytological and crossing behavior.
In cultivatad autotetraploids (S, ruberosum
subspeaies), real and effectiveploidy arz equal, Le.
the aumber of graomes and the EBN numbersare
equal (each = 4). Likewise, many diploid species
have two g&aomes and an EBN number of 2 On the
otherhand, allotetraploids have four genomes but and
EBN number of 2 ,hence they function as diploids.
Al0, some diploid species have an EBN number of
one. As sgeneral rule, unless functional 2n gametes
are produced by the gareat with the lower EBN
number, species with equal EBN numbers aa be
crossed readily and produce viable hybrids due to a
balanced endosperm ratio of 2 female : 1 male EBN.
Exampies of vasuceasstul combinations (EBN
numbers in brackets) are autotetraploid (4) X
alotetraploid (2). autetewaploid (4) X diploid (2).
and 2 EBN diploids x 1 EBN diploids. In these
cases, the hybrid endosperm is unbalanced and
degenerates. At times it QS possible to "rescue” the
embryes by in virro culture. Thest observations lead
to the coaclusion that in nature gene flow generally
can occur only between species with equal, effective
ploidy, such as autotstraploids X autotetraploids, 2
EBN diploidsx 2EBN diploids, and 1 EBN diploids
x 1 EBN diploids.

3 Crosses betwesn ramotely related speciesmay
be difficult 0" unsuccessful, €ven if species have the
same ¢fTectve ploidy. Various pre- and post-
ferdlizaion barriers exist which praveat or hamper
the preduction of viable hybrids. In such casas,
barriers Ml be overcome OF circumvented by several
experimeatal manipulations such as mechanical,
ckmical or physical reammeats, exteasive rReiprocal
matings In diverss environments, embryorescue, the
use Of aridging species and somatichybridization.
All of 23+ treatments have been suceesstul in
breeding programs but generally do not apply to
oonaaeons Nvbadization tetvesn remote species in
nature.

The above information indicates that interspecific



hybridizatdea and gene flow occur in nature regulary
berwesn compatible species, but very rarely betwesn
distantly related Species. With distantly related
species, a breeder/researcher usually must go to
¢onsiderable gouble to ey out artificial
hybridizadeas and to foree g=e Flan. Giventhis
information, it B possible tooutline ways in which
such gene flow can be promotad, restrictad, or
praventsd. For example:

1. When interfertile species are present and
environmental condition &= appropriate, gene flow
fram one plant or species to another will commoaly
occur. Thus in the gene centers (Andes region.
Mexico) gene flow between interfertile planu is
quite common, wiereas in the northern U. S, (¢ .
Wisconsin, Idaho, or Maire), where wild relatives
are not only distantly relatad but also sexually
incompatible, gsa2 flow from experimeatal fields into
natural ecosystems IS virtmally excluded.

2. Effective gene flow fronadonortoa
recipient plant requires female fertility in the
recipient and male fertility in both donor and
recipient. Most pollinatians of potato flowersare by
bumble t¢s, Ths bees are not attracted to male-
sterile flowers. Thus the uss of male-sterile lines
such as Russet Burtank ¢an reduce gene flow
substantially.

3. Coaversely, high femaleand male fertility,
self-incompatibility, an abundanes of activebas,
relatively cool summer temperanures, and
synchronous flowering of donor and recipient plants
will promote iatarplant gene exchange.

4. Hot summer e mperatuces ¢an limit pollen
survival. Very cold winters can prevent survival of
tubers a seedlings. Conversely, Inmild ¢limatas the
survivors may grow as voluatsers the next seasea,
In that cas¢, rotation Of the crops and elimination oOf
volunteers will Limit potential for spread.

B. Bqerimatal measurement Of outcrossing in
transgenics

After the preseatadon by Prof. Hermsea, the
discussion turned to evidence from planned
experiments that can shed light on the question of
frequency and extent of gene transfer under typical
agricultural conditions. Experiments to examine this
point are being planned or conducted in a number of

U. S. and foreign laboratori’ss. Drs. Wm . Belknap
(USA), A. Connor (New Zealand), and J. Sheffler
(U.K.) provided information to memeers of the
workshop.

In New Zealand, Coaner and his co-workers ars
sxamining polsa dispersal from transgeaic potatoss
(See Tynangt al. 1990, J. Geoet. and Breed, 44: 303-
306.) In experiments with fertile, unransformead
potato lines of the same cultivars asthe transformed
lines ,they measured the distances of pollen travel by
recovery Of plants that acquired the recombinant
constructs in the field. il afield of interplanied
non-transgeaic and Taasgsaic potatoes, the pollen
dispersal was gpproximataly 1% (51 of 4.476 tested
plants). Moving from,the plot to edge rows, dispe rsal
was much lower. \ﬂn 45 meters of transgenics,
190f 40,771 tastad seedlings (0.0596) showed
presance Of the recombinant construct. Beyond 4.5
meters, no transfersecowrred in their tests (0 transfers
in 16034 plaats testg). In other tests, attempts to
cross & transgenic plants with nightshade (8.
pigmm) with conventional techniques were not
successful. Inthat regard Dr. Heogendoom of the
CPRO in Wageaing2a reperted that her colleagues
Eijlander and Stiekema obtained progeny of across
with Cv. Desiree and S, nigaumonly by resorting to
very sarly embryo rescue and in vitro culture of the

Smilardata indicating a very low probability of
spreading of genes from transgenic plants even under
ideal conditions were obtained by the PROSAMO
(Planned Release of Selected and Maoifaedl
Organisms) project being performedby the
Cambridge Laboratery at theJohn Innes Iast.,
Neorwics, UK. Dr. Scheffler reported that two
seedlings (Of 2.400 tastad) containing the
recombinant DNA wers found downwind within 10
meters Of the tansgenics, These two plants may have
come franasingle pollinatoa, No other
recombinant DNA c¢oatainiag Seedlingswere found
in buffer rows 10 meters fran the transgenics on the
other three sides of the plot. Furthermore,no
transfers Of recombinant genes to potatoes 20 meters
fron e plot in any direction w e n detected, even in
thkdownwiod rows. A large experiment was in
progress in the summer of 1991 to test the
possibilities of &seape ON amuch larger scale. Also,



tests ale underway totest possibie gene transfer to
other related Solanaceous species (tobacco, tomato,
Datura, nightshade, petuaia, and eggplant)

Inthe U. S., 2 aumber Of tests are planned by Dr.
Belknap and his collaborators in major potato
growing areas. The experimental sites differ widely
in temperature, rainfall, and winter temperatures.
These exceriments will also involve selectable
markers ( GUS and herbicides) and trappiag with
female-fertile cultivars. The key questions again wvill
be how far pollen is dispersed.

In conclusion, it zppears thateven when fertile
cultivars are used, the probability of spread beyond
10 meters iS extremely low. The use of trap rows
and male-sterile lines will further reduce the
possibilities Of gene spread even further. Finally,
growing potatoes in the northem united states,
where compatible wild spesiss are not prasent, will
further reduce chances of spread Therefore.
2ffective means Of controlling gene spread in field
tests are available.

C. Possible transfer of genes from plantsto
bacteria

The above considerations all dealt with the
transfer Of genes from plant D plant by ¢rossings.
Theoretically, microbiological or insect vectors
could also transfer genes from a transgenic plant to
another plant. In that regard, the prospects of plant
genes being gansrerrsd toa bacterivm which would
then transfer the gene to anotherplant were
discussed by Dr, Fratenelli, with specificreference to
experimentswith soft rotting bacteria. SlicESwere
obtained fran wbers of a potalo ransformed with a
gene for ampicillin resistance fused 1 a procaryoue
promoter. The slices »=re inoculated with Erwinia
chrysanthemi, The bacteria wers isolated and plated
on ampicillin<oataining media to =t for transfer of
resistance from the plant tissue to < bacteria. No
transfer of resistance was found in 4 &eoaraie
experiments, each utilizing 102 bacteria.

II Consequences Of transfer Of genes from
transgenie plants to other plants,

The consequences Of an "escape” Of recombinant
DNA fran a transgenic plant are directly related to
the type of genetic material inserted in the crop plant.

Because Of this, the workshop participants considered
the types of experiments currently being planned with
potatoes, Discussions were also held on potential
problems cioer than escape by intercrossing a winter
survival. In thiserz, particularatteation was paid to
the question of whetber there could be adverse
consequences Of viral coat protein experiments.

A Kinds of experiments being done.

To inftiate discussion, [ Fraley presented the
rationale for applying biotechnology to agriculture
and, specifically, potatoes. He statad thai thers is 2
great need for inasasing the warld food supply. If
the world populatioa doubles by 2030, production of
food may be severely limitingand crop improvement
will be critically mportant to ezt the demand. He
also indicated that a number Of technologies,
including breeding, discovery of oew chemicals,
improved managemeat aSwell as bictechaology, can
contribute to the maintenance of adequate food
productioa. In particular,ways that potato can be
impxoved include obrining new pest and disease
resistances aS well as improving food processing
coaracteristes, Additional modifications may open
new avenues for products. FOrexample. itmay be
possible to produce exotic chemicalsby engineering
in povel bicsynthetic geoes,

One very active area for experimentationat
present is theuse of Bt toxin for Colorado potato
beetle control, Platstransformed with the bacterial
gemes are being testad for resistancs to the beetles,
and dramaticexamplesof control have been obtained
Another area of active research is the transformation
of plants with genes for viral coat proteins to control
viruses, A recent outbreak of PVY net necrosis in
Canada and the U. S. is apossible target for this
gene technology. The economic threat of this
outbreak IS very large and impressive instances of
control Of Viruses by transformed plants have been
obtained. Other viruses such as potato leaf roll virus
(PLRV) may also be controlled by thismethod. In
addition to the coatrol Of serious diseases, another
advantage Of this technology could be the reduced
need for multiple insecticide sprays tokill aphids and
beetles oo Tensgaic plants,

Discussions then focused On the question of
whether these genes being insertad into cropsbe a



threatin some way? FOF example, is there evidence
tHet 8/ toxin genes in plants will be a majer
problem? Current toxicity data indicate that the
matsrials are safe to bumans, Tous, the kay
question for the future may be whether insest
resistance to the toxin can be avoided.

B. Transgenic plants expressing viral coat
proteins.

Dr. Fraley also indicated that another advana
could be the gecetic engineering Of potato for virus
resistance, a possibility which stems from the
phenomenon of eross protectian. lafection by one
Virus has long beea known to iaterfere with infection
by another. It appears that the coat protein of viruses
in plants effectively blocks infection and when coat
protein genes are inserted into plants such as potato
or tobacco, infection can bhe prevented. The exact
mechanisms that operate 1= currently uakoown,
although since nakad virus particles can infect
whereas ¢cztsd particles oot indicating that
some aspect Of uncoating sa2ms to &2 involved.
Whatever the mechanism, the procedure does Ssem to
work toprevent virus damage and in the future
millionsof aaasgenic plants may be growing on
thousands of aeres,

The background of eross protection and his
concerns regarding some aspects of the eqarmaits
with virus coat protein containing plants were
presented by Dr. ¢ Zoeten, the keynots speaker for
the third sessioa. Canit be thet the very high density
of transgenicplants could lead to viruses with
different host rang=s? Vil the ubiquitous preseace
of the ¢cat protein lead to & finite number of
trancapsidations and et oes host ranges teszuse of
altered insect vectors. Will template switching also
occur? Dr. de Zoeten indicatad that ia his opinionit
iS Decessary to Carry out marE research Lo s for
potential adverse sfTects of e changss,

In discussion that followed ds Zosi2a's talk it
became apparent tha! o2tz \was substantial
disagreement Many agreed that it was quite likely
that template switching and anseapsidadon could
and probably would eeeur, However, thers was little
agresment On woetder this would be a threat. Many
feltthat such changer have always gooe 0N as a
machanism by which viruses evolve and would

¢catinee todo so without a major Increasein
frequency due to deployment of ransgenics. Cters
felt that this point should be tested.

After the coarereace, anumber of virologists
weres consulted toobtain their opiaions. A listof
those consulted and a synopsisof their commentsis
attached asan appendix. Since all menbers of the
group did not take part in these discussions, it is
appropriate to indicate the following are only the
impressioas of the Coair and not that of the
workshoo,

In general, the responses of the virologists were
as varied as the QpINIONS ¢xpressed & the meeting.
Many felt that Dr. de Zoeten had raised several valid
points. OF e, some felt that any potential dangers
were overstated others felt that his points were well
made and deserved experimental examiniations.
Several repeted resuls of experimants to test the
safety of the constructs, although they had not
publisbed these results aSyet.  There appeared to be
a general teodency to have coasidered Dr, de
Zoeten'’s discussionin Phytopathology and to have
looked a the particular S,5tem that they were
working with. Finally, thers was alsosoms support
for additonal experiments and additional funding for
risk assessment experiments. A workshop on the
topic of antiviral constuets would be an appropriate
way Of considering this mater further.

1. How can any adverse consequences be
eliminated Or minimized?

A The role of experimentation

The experiments to measure gene spread outlined
above will grovide data on actual frequenciesof gene
reasters from transgenic potatoes to other plants by
sexual crossing. Tbese data ¢an serve as a pasis for
recommendations for isolation distances, localesfor
growing transgenics, and even k Yy potato varieties to
use for experiments The objectives of these
recommendations will be to decrsass significantly the
likelihood of &seape of recombinant coastruets fran
transgenics. Also, aSDr. Shewmaksat emphasized in
by coasideration of plans currently being made by
companies, Lbers IS a a2 for insuring the physical
security of an experiment, the oversight of the
expericmeat by responsible parties, and the procedures



for preventing propagation in future years.

Potato appears to be an ideal plant for field
release sxparimeals, it Canbe grown in aas whers
virtually no wild relatives that will cross with the
plant ars present It can be maintainedand grown
clonally. thusobviating the necessity for seed
production or crossing. TuUsars will winterkill or

can be sasily spotied and killed in future years.
Because of this there are a number of procedures that
could be recommendsd for insuring the safe release
of transgenic lines. Some recommendati”ons resulting
firan these discussions are given below in the section
on conclusions.

1V Public perception of dangers of transgenic
plants.

Although the main focus of the mating was to
discuss the potential for spread of recombinant DNA
fram a transformed potato plant to another plant. and
the consequenceas of such spread, there was sorns
consideration of the public pereeption Of these
experiments. Public input into discussions agpears to
be a common process in saveral nations' schemes for
consideration of rzleass experiments. In regard to
the public, Dr. Rissler stated ber opinion that there
is considerable skepticism as to the potential
advantages and safety of biotechnology. She also
indicated that Some wonder if blotechaology is really

to sustain food supplies or will Some form

of sustainable agriculture SUffice. Later, in
correspondencewith the chairperson, she provided
her opinion that the public's miszrust of this
technology is complex, related to its differeat views
of nature and coms pardally from its ladk of wust in
the institutionspromoting and dsveloping this
technology. She does not feel that the public miszust
is based solely on the lack information ar ON
erroneous informaticn but ON different intarpretations
of this information. The discussionsat the maeting
illustrated the difficulties of dialogue between people
with disparate views, while a the sare time, also
indicated the need to maintain reasonable dialogues.

Dr. Gebhart spoke of the public concerns in
Germany. Demonstrations at the gates of the Max-
Planck-Insitut accompanied two field releases of
petunia plants containing the Maizs-AC transposable
element and the NPTII gene for kanamycin

resistance. Toese demoasations have resulted in
increased physical security forthe site. These kinds
of demonstrations alSO may make future release
sxpecimeats very difficultin Germany. In the past
few years there have also been reports fram the

Netherlands 0N the destruction Of field ¢xperiments
that were designed to et for somaclonal variation in

potato plants transformed with the NPTII gene. It
was clear to all that there are public coacerns in
Europe regarding .22 safety of biotechaology. In
geperal, it apeears that public reactions in the U. S.
are not as violent as in some areas of Europe. This
may reflect a longer history of field releases.
Certajaly, the early releases of the ice-minus
Pseudomonas strains in California were also
accompanied by violent expressioas of public
concerns ad even destruction Of experiments.

Several workshop members indicated that public
¢oncerns with consuming gansgeaic products or
utilizing t technology can be quite positive. For
example, Dr. Conner stated that a majority (85%) of
those polled N New Zealand had no qualms about
sating transgenic potatoes. Dr, Vayda also carried
out an informal survey of consumers in Maine. Thers
the key question I people’s minds seemed to be what
had been added by the transformation rather than the
potatoes t=iag gansgaaic per se.

In addition to providing new means of control,
thereis also an obvious potential for profit fron sales
of these transformed materials, both in the United
States ad abroad. Thisis recognized not only by
commercial companies but also by developing
countries \Which, according to Dr. Dedds, would very
mueh Like to buy the technology. He stated that
although the materials may save money for growers
in industrialized couatries, it could literally permit
survival of the crop in developing counmes where
severe disease pressures exist.

Conclusions and Recommendations.

The majority of the workshop marbers would
like 1D see molecular biological improvements of
pofato prese=d. They would like, however, to see
that the experiments are designed to be as safe as
possible. There isaneed for careful, rational
assessment of the safety of experiments, and adequate
funding to provide for such experiments. Many also




feel that the only chance we have to limit the spread
of a gene is in the small scale experiments. Once
large scale releases have been carried out it will be
very difficult if not impossible to limit the spread
should it be necessaryto do 0. Finally, it will be
necessary to demonstrate to the public that the
experiments planaed by scientists in universitiesand
companiesars going to be safe. This can only be
done by assuring that the experimeats ar2 indeed safe.
some additional conclusions and recomumendations
stemming fran these conclusions by the workshop
members are as follows:

1. outside of very limited areas of the
Southwest, tranare nowild Solanum species in the
United Statesthat will hybridize with fertile potato
lines. In areas where hybridization does occur
(Mexico,Peru, Southwestern U. S_ete,), potential
outcrossing into "Weedy™ species could be a concern,

However, this should not be the case in the main
potato growing arzas of the United States and
Canada. It follows, therzfors, that it is not
necessary to limit plantings of transgenics to only
male-sterile lines except in those ar=as where Nk of
outcrossing does occur.

2. Currently available experimental information
indicates that spread of pollen is very limited.
Therefore. with ferdle transgenic plants, bordar rows
extending 5-10meters from the plot will be sufficient
for wapping pollen from the transgenies. These
should be used in field experiments.

3. Some survival of vegetative propagules and
true seed of Tansgenic linesgan be expected in
major potato growing arsas, although severs winters
will decrease the likelihood OF tber survival in some
arsas, Therefore. rotation of erops and killiag of
volunteers should be practicedroutinely.

4, Risk assessment experimens should be carried
out in the major potato growing sreas of the U. S. and
Canada 0n realistic field scales and with adequate
funding. These should be carried out promptly so
that the riEb can be adequately assessed prior to
large scale or commercial release of ransgenics. In
particular, the assassment of transgenies containing
portions of viral genomes should be encouraged and
those virologists with information on their constructs
should be encouraged to publish this information.

Addendum

After & workshop, a number of plant
virologists in addition to those present at the
workshop were contacted. A copy of the letter that
was seot to taes2 persons is attached. Information on
this topic was obtained fran the following:

J. Bujarskd, N. Illinois Univ.

Paul Ahiquist, Univ. of Wisconsin-Madison
Tom German, Univ. of Wisconsin-Madison
O.W. Bamet,Clemson Univ.

Wm. Deugherty, On. State

Roger Beachy, Seripps

S. Gal, MichiganState

Phil Berger, Univ. of Idaho

John Hammoad, ARS, Beltville

Pete Taomas, ARS, Prosser, Wash.

David Robinsoa, SCRI, Dundes

Andy Jacksen, Univ. of California-Berkeley
Milt Zaidain, Cornell Univ.

Peter Palukaids, Cornell Univ.

Christine Shewmaker, Calgene

Geoff Keyes, Monsanto

G. A. de Zoeten, Michigan State

Thi's addendumiis a summary of some of the
information provided and comments made by the
above aSinterpreted by J. P. Helgeson.

The tasic questions ars whether zanscapsidation
or template Switching might occur and, if so, would
these events lead tonovel viruses or altered host
rangeSthat eventually could lead to problems in the
field The focus of the comments was on a letter to
the Edirtor of Phytopathology sent by Prof. de Zoten
(Phytopathology. 1991.81:585-586) The "letter"
format has been used io the past to publish views and
make suggestions. The intentin this case was clearly
to call for anevaluation of risk assessment for plants
¢catainiag pisces of viral genes.

There appears to be general agreement that
rasseocapsidadon does occur in some instances,
although the evidenes in potato appears to be weak at
present. FOI exampls, arscent report by Bourdia and
Lecoq (Phytopathology. 1991_81: 1459-1464)
provides evidence tat this mechanisms my allow a
previously non-aphid transmissible zucchini yellow
mosaie VIIUS to become aphid transmissible. Most of
those consulted would not agree that this would be a
major problem. The level of coat protein in a




wansgenic plant appears to be exgzmely low in many
cases. Thus, although b aumbers of plants in an all-
ransgeaic Tield would be high, the chances of
effective ransencapsidation may be rather low.
Funthermorz, even if ansported toa new plant, the
viral specificitywill be imparted by the nucleic acid,
not the protein.

Many of those consulted also agreed that
recombination also occurs, and perhaps is a major
factorin virus evolution. But mest would discount
this because of a fealing that most if not all of the
recombinations have already eeeurred in nature.
Also, some ¢(Torts s currendy being made to test
these possibilities and, because of negative results,
they have not been published in full. In particular,
Beachy's lab has been active in this arza

A related possibility IS reported Inapaper in
press in Virology by S. Gal, B. Pisan, T. Hohn. N.
Grimsley and B. Hohn of the Freidrich Meischer-
[nstitut. They were able to reconstitute Cauliflower
mosaic virus by inoculating Brassica napus plants
containingone part of the CaMVY genome with
Agrobacterium tumefaciens containiag the other part
of the CaMV genome. This is not recombination of
RNA. of course, but it does indicate that
recombinatioas of viral nucleic acids do occur in vive
if the experiments are designed to pesmit this to
happen.

Most of those consulted felt thet some carzful
attention to risk asssssmant is aeczssary and should
be supported. The problems of trying to "'prove™
negatives and to look for uncommon events appeared
to be daunting. Some felt that instead it would be
appropriate to look for ways for coastructing
transformed plants with the objective of making
recombinations O wansancapidatioas impossible.

In conclusion, it appearsto this observer trat de
Zoeten's letter has alrzady succeeded in stimulating

some of the studiesthought essantial. Several of
those consulted said that they wers either proposing

to do experiments in thisarea a are doing them.
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